solution for testing and quantifying selection differences between populations is lacking.
difference of logarithm ratio of frequencies was determined by divergence time t and C . When population divergence time t is large, the general effect of genetic drift 4 Ω will approximate a normal distribution with mean zero following the central limit 5 theorem (Feller 1968 a sample has n neural loci and the n is large, the general effect of genetic drift between 1 4
population A and B can be estimated as where the variance of the log-odds ratio could be effectively approximated as 1 7
differences. We can rewrite the statistic as
where X is a vector with elements 
The covariance of two correlated log-odds ratios is given as (Bagos 2012)
multiple linked loci, the statistic δ approximates a central chi-square distribution under 2 the null hypothesis and the degree of freedom is the same as the number of involved loci De Maesschalck et al. 2000) .
4
Connection with case-control studies and its statistical power
5
The theoretical framework presented above bears an intrinsic conceptual and 6 statistical connection with population-based association studies, as presented in Figure 1 .
7
The left panel illustrates the conceptual framework of the null hypothesis and alternative 8 hypothesis in a genetic association study with the population stratification described by as genomic control (GC), is capable of eliminating sporadic associations due to genetic and alternative hypothesis in our method. The difference between the panels is that our large as 500 chromosomes for each population ( Figure 2A ).
4
We also investigated the relationship between the population divergence time and '*', Figure 2B ). When the divergence time is large, however, an increase in the sample 1 8 size has only a minor effect on statistical power (power curve marked by '◊' or 'x', 1 9 Figure 2B ). This could be due to the fact that accumulated genetic drift contributes We applied our method of hypothesis testing on genotype data of Tibetan and Han
Chinese. Because several genetic loci are reported to be involved in adaptation to high-
attitude, most of these were not further verified by strict hypothesis testing but solely by not lead to inflation of the type I error in our hypothesis testing.
7
The criterion to declare a genome-wide statistical significance is given by p-value criterion ( Figure 4A ). This observation agrees with previous reports suggesting that the 2 0 EPAS1 gene plays a major role in the high-attitude adaptation of Tibetan people (Xu et al. We estimated differences in the selection coefficients for several genetic variants of 1 2 melanin formation between continental populations (Table 2) . In this study, we assumed 1 3
a simplified stepping stone model with five worldwide population groups ( Figure 5 ).
4
Selection differences were compared between neighboring groups while mutated alleles 1 5
of the ancestral group served as a reference to determine the direction of the selection 1 6 differences (Eq. 1).
7
Our estimations and their 95% confidence intervals suggested that most of the 1 8
involved variants had similar selection coefficients in south and north Eurasian groups, We measured the differences in allele frequencies between populations using their than logarithm odds ratio, especially when sample size is limited. As we present in this 1 7 report, however, the logarithm odds ratio is an estimate of differences in the selection 1 8 coefficient while the other statistics lack a direct connection with selection difference.
9
Further, performance of logarithm odds ratio was acceptable in the presented case of the 2 0
Han-Tibetan comparison, demonstrating the merits of logarithm odds ratio. When 2 1 population divergence is small, variance of our estimate is due mainly to sampling variance but not genetic drift (Eq.2, Figure 2) . It is therefore possible to significantly 1 improve the power of the statistical test by increasing the sample sizes. In this scenario, 2 the benefit introduced by the large sample size is similar to that in genetic association 3 studies. The statistical power of the hypothesis test using our method can be calculated 4 for a specified study design. This provides a great advantage for determining the 5 technical details of a research design, especially for determining sample sizes. When the 6 evaluated locus is neutral in one of the two involved populations, our method provides 7 estimation for selection coefficient in the rest population. previous reports. This simulation-free feature is a significant advantage for selection 1 5 studies because "real" population history is unlikely to be accurately represented by 1 6 computer simulation. It should be noted that our method of modeling genetic drift differs 1 7 from the Wright-Fisher process. We use total variance ( ) Var Ω to capture the overall 1 8 effect of genetic drift but not effective sample sizes.
There are other statistics that measure the differences in allele frequencies between variants. There lack a perfect quantitative correlation between the statistics.
7
In our genetic model, we considered only the mutations that occurred before the 8 population stratification. This assumption holds for most genetic variants of the human 9 genome, given its short evolutionary history. Our method is therefore applicable to is low and the sample size is small, minor alleles may be missing from the samples. In the frequency of the missing allele.
8
To summarize, we developed a probabilistic method for testing and estimating three previous studies of human high-altitude adaptation were analyzed in this report computing and graphics. We thank three anonymous reviewers for their comments to improve this work. This The authors have declared that no competing interests exist. ('o' for t =100 generations, '*' for t =300 generations, '◊' for t =600 generations, 'x' for t quartile is represented by the x axis on the same scale. is a combination of population CHB, CHS, and JPT. Association of genetic variants with self-assessed color categories in Brazilians. Asian populations: further evidence of convergent evolution of skin pigmentation.
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